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Abstract
Purpose of Review  This review aims to summarize the existing research on sex differences in familial hypercholesterolemia 
(FH) across the lifespan.
Recent Findings  From childhood onward, total- and low-density lipoprotein cholesterol (LDL-C) levels in girls are higher 
than those in boys with FH. By the age of 30 years, women with FH have a higher LDL-C burden than men. In adulthood, 
women are diagnosed later than men, receive less lipid-lowering treatment, and consequently have higher LDL-C levels. An 
excessive atherosclerotic cardiovascular disease risk is reported in young female compared to male FH patients. The periods 
of pregnancy and breastfeeding contribute to treatment loss and increased cholesterol burden.
Summary  Earlier initiation of treatment, especially in girls with FH, and lifelong treatment during all life stages are impor-
tant. Future research should aim to recruit both women and men, report sex-specific data, and investigate the impact of the 
female life course on cardiovascular outcomes. Future guidelines should include sex-specific aspects.

Keywords  Familial hypercholesterolemia · Cardiovascular disease · Cholesterol · Sex differences · Pregnancy · 
Breastfeeding

Introduction

Familial hypercholesterolemia (FH) is an autosomal domi-
nant disease, causing elevated plasma levels of low-density 
lipoprotein cholesterol (LDL-C) from childhood onward 
[1]. LDL-C is a causal risk factor for atherosclerotic cardio-
vascular disease (ASCVD) [2], and the cholesterol burden 
through life defines the risk of ASCVD [3, 4]. Early and 
lifelong treatment is therefore crucial. FH is most commonly 
caused by mutations in the genes encoding low-density lipo-
protein receptor (LDLR), apolipoprotein B (APOB), and pro-
protein convertase subtilisin/kexin type 9 (PCSK9) [1]. The 
prevalence of heterozygous FH, hereafter referred to as FH, 
was recently estimated in a worldwide analysis of 11 million 
subjects to be 1:313 in the general population, 1:31 among 
subjects with ischemic heart disease, and 1:15 among sub-
jects with premature ischemic heart disease [5]. The preva-
lence of FH is similar in women and men. Homozygous FH 
(HoFH), defined by having bi-allelic pathogenic mutations 
in FH genes, is rare with an estimated prevalence of 1 in 
250,000–360,000 [6].

Lifestyle advice and lipid-lowering drug treatment are 
the main approaches in treatment of FH. Lifestyle advice 
includes having a heart-healthy diet, sufficient physical 
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activity, and no smoking. Lipid-lowering drug treatment is 
recommended from 8 to 10 years of age [7]. The cornerstone 
of lipid-lowering medication are statins, which are often 
combined with ezetimibe and if needed PCSK9 inhibitors. 
Several studies have shown sex differences in lipid levels and 
treatment in women and men with FH [8, 9•, 10•• ].

FH patients have an increased risk of premature ASCVD. 
More than 90 % of patients with FH experience ASCVD 
during their lifetime [11]. The mean age at first ASCVD 
event was 44 years in a Norwegian cohort study [11]. More-
over, mean age of death among FH patients is observed at 
62 years, which is 15 to 21 years earlier compared to women 
and men from the general population [12].

In patients with FH, the age at first cardiovascular event 
was observed to occur at a similar age in women and men 
[11]. This contrasts with the general population, where the 
first ASCVD event occurs 7–10 years later in women than 
that in men [13, 14]. An excessive ASCVD risk in, mainly 
younger, female FH patients compared to that in male FH 
patients has been reported in several cohorts [15•, 16].

Awareness of sex differences in both treatment and pos-
sible patient outcomes is important. Hence, sex-specific 
research can ultimately lead to better patient care. The pur-
pose of this review is therefore to summarize the currently 
available literature on sex differences in FH patients during 
the life course, diagnosis, treatment, ASCVD outcomes, and 
family planning periods.

Lipids During Life Course

Levels of total cholesterol and LDL-C are low in cord blood 
in neonates with and without FH. However, already from 
the age of 1 year, the LDL-C levels reach adult levels [17]. 
Girls with FH have considerably higher total cholesterol and 
LDL-C levels than boys with FH in childhood and adoles-
cence up to the age of 20 years [8]. An approximate mean 
difference of 0.5 mmol/L and 0.4 mmol/L higher total and 
LDL-C, respectively, has been observed in girls with FH 
compared to boys with FH, leading to a higher cholesterol 
burden among young women with FH compared to young 
men with FH [8]. Even though this might seem a modest dif-
ference, the lifelong effect of 0.4 mmol/L in LDL-C can be 
illustrated by the effect of LDL-C lowering single-nucleotide 
polymorphisms, where a study reported a 50 % reduction in 
the risk of coronary heart disease in carriers who had a mean 
0.3 mmol/L lower LDL-C than controls [8, 18].

A recent study showed that at the age of 30 years, women 
with FH had an LDL-C burden of mean 175 mmol-years 
compared to 156.7 mmol-years in men with FH. In women 
and men without FH, the LDL-C burden was lower and simi-
lar in both sexes at age 30 years (78 and 78.6 mmol-years, 
respectively) [19•]. An LDL-C burden of 125 mmol-years 

has been suggested as a threshold for increased risk of MI, 
followed by a threshold of 220 mmol-years at which MI 
occurs [3].

In adults, women with FH have in general higher LDL-C 
levels than men with FH. Women have higher LDL-C levels 
both before treatment initiation and while receiving lipid-
lowering treatment [9•, 20, 21].

Lp(a) levels in the general population are described as 
approximately 5–10 % higher in women than those in men 
and Lp(a) increases during pregnancy and at menopause in 
women [22, 23]. In the FH population, Lp(a) levels were 
similar in women and men with FH in the total study popu-
lation. However, Lp(a) was higher in women with FH who 
were susceptible for coronary heart disease (CHD) than 
women who were not susceptible for CHD, highlighting the 
importance of taking Lp(a) into account in risk assessment 
especially in women [24].

In the general population, studies show that lipid levels 
fluctuate during different phases of the menstrual cycle and 
also that lipid levels substantially increase after menopause 
[25, 26]. In women with FH, little is known about the impact 
of different female life stages, such as the menstrual cycle 
and menopause, on lipid levels, and ASCVD outcomes. 
Future research should investigate these aspects.

With regard to sex differences in HoFH patients, a Cana-
dian study in 1993 with 21 patients reported there were no 
sex differences in LDL-C levels [27]. More recently, the 
Homozygous Familial Hypercholesterolaemia International 
Clinical Collaboration (HICC) registry, a worldwide regis-
try of 751 patients from 38 countries, also did not observe 
differences in treated or untreated LDL-C levels between 
women and men [28].

Treatment

In general, women with FH are diagnosed approximately 3 
to 7 years later than men [10••, 15•, 29, 30]. This leads to 
an increased cholesterol burden in women compared to men 
already early in life. In addition, once diagnosed, women 
with FH are less often treated with high-intensity statin [9•, 
10••, 20, 29–32] or combination treatment with PCSK9 
inhibitors and/or ezetimibe than men [10••, 20, 31]. A meta-
analysis with individual patient data from 27 statin trials 
found no difference in LDL-C lowering between women and 
men, indicating no sex differences in LDL-C response to 
statins [33]. Consequently, women with FH are less likely 
to achieve recommended LDL-C treatment goals than men 
with FH [10••, 29–31].

Reasons for sex differences in treatment and goal achieve-
ment in FH are not fully known but may be multifactorial. 
For example, women report more side effects with statins, 
possibly hampering use and/or up-titration to optimal 
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lipid-lowering treatment [9•, 29]. Another reason could 
be physician related. In a Spanish study containing data 
from 3361 FH patients, women had a 49 % lower chance 
of receiving a PCSK9 inhibitor prescription than men [31]. 
Even when women with FH are prescribed PCSK9 inhibi-
tors, women compared to men show less LDL-C reduction 
of PCSK9 inhibitors [34, 35]. A reason for this sex differ-
ence may be related to the influence of estrogens on PCSK9 
levels through G-protein coupled estrogen receptors on the 
hepatocytes, and this should be further investigated [36, 37].

Previous studies of FH cohorts report no sex differ-
ences in adherence to lipid-lowering medication [38–40]. 
Further investigation into possible reasons for sex differ-
ences in treatment is necessary to provide insight into how 
to increase the number of women with FH reaching target 
LDL-C levels.

In patients with HoFH, no sex differences were observed 
in the age at diagnosis or the type and intensity of lipid-low-
ering treatment [28]. In addition, treated LDL-C levels and 
LDL-C goal achievement was comparable between women 
and men with HoFH in the HICC registry.

Cardiovascular Outcomes

In the general population, the prevalence of ASCVD events 
is lower in women than in men [14]. In the FH population, 
studies show no sex differences in the prevalence of ASCVD 
events [32, 41, 42]. However, some studies report lower 
prevalence of ASCVD in women than that in men also with 
FH [10••, 15•, 29].

In the general population, there is a gap in the age of 
onset of ASCVD with the first ASCVD event occurring 
7–10 years later in women than in men [13, 14]. In the FH 
population, the first ASCVD event is observed to occur at a 
similar age in women and men with FH [11, 41]. In a Nor-
wegian cohort, mean age at first ASCVD event was 46 years 
in women and 43 years in men [11]. This contrasts with the 
age gap in the general population. However, some studies 
report an age gap in ASCVD onset also in FH [15•, 43].

The excess ASCVD risk in FH seems to be higher in 
female FH patients compared to male FH patients [15•, 16, 
41]. Especially in the youngest age groups, an increased risk 
of acute myocardial infarction (MI) has been observed, with 
a standardized incidence ratio of 13.6 and 7.5 for women 
and men with FH (25–39 years), respectively, in a Norwe-
gian study [16]. Excess CVD morbidity in young women 
(30–50 years) with FH was also observed in the UK Simon 
Broome register [15•]. However, others describe an equal 
excess ASCVD risk in women and men [30].

With regard to HoFH, no differences were observed 
in age at first ASCVD event between women (median 30 
[17–40] years) and men (median 28 [17–40] years) in the 

previously mentioned global HoFH registry, suggesting a 
larger impact of HoFH on women compared to men [28].

Family Planning and Pregnancy

Loss of Treatment Periods in Childbearing Age

In female FH patients, treatment periods are interrupted dur-
ing childbearing age. Lipid-lowering medication, including 
statins, ezetimibe, and PCSK9-inhibitors, are contraindi-
cated during conception, pregnancy, and breastfeeding, 
although the level of evidence is low (class III level C) [7]. 
Bile acid sequestrants that are not absorbed and/or LDL 
apheresis may be considered for women with severe FH [7]. 
When a woman with FH is planning pregnancy, she must 
discontinue statin treatment, resulting in a rapid increase 
of her LDL-C level to pre-treatment levels. When she 
becomes pregnant, the LDL-C level increases even further 
due to the normal physiological changes during pregnancy. 
The increase in LDL-C levels among women with FH is 
similar as in women without FH (approximately 30 % both 
in women with and without FH) [44]. However, in women 
with FH, the absolute LDL-C level is much higher, reach-
ing a mean LDL-C level above 8 mmol/L in gestational 
week 30 [44], and clinical examples show LDL-C levels 
up to 12 mmol/L in gestational week 36 (Clinical Trials: 
NCT05367310).

We previously observed that women with FH experience 
a median loss of 2.3 years of treatment time due to family 
planning. However, there was a considerable degree of indi-
vidual variation, ranging from 0 to 14 years off treatment due 
to family planning [45•], and 20 % of the women had more 
than 4 years lost treatment time. A recent Australian case 
series on 13 women with FH found a similar mean 2.3 years 
of treatment loss from planning of pregnancy to the end of 
breastfeeding [46]. We also observed that the pregnancy-
related off-treatment periods constituted of approximately 
20 % lost treatment time at the mean age of 31 years at last 
pregnancy in women with FH in Norway and the Nether-
lands [45•].

Clinical examples show that the off-treatment period 
can be extended between multiple pregnancies, and 10 
years off-treatment has been observed from planning of 
the first pregnancy to end of breastfeeding of the third 
child, where statin treatment was not restarted in between 
pregnancies. A 10-year period or longer pregnancy-
related off-treatment time will therefore contribute to 
increased LDL-C burden in women with FH. To our 
knowledge, no studies have been conducted to investi-
gate whether these off-treatment periods impact the risk 
of ASCVD later in life and whether this may contribute 
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to the disappearance of the 7- to 10-year age gap between 
women and men normally seen in the general population.

Breastfeeding

There are no specific recommendations for breastfeeding in 
FH, and women with FH are recommended to breastfeed in 
line with the general population. The World Health Organi-
zation recommends exclusive breastfeeding for the first 6 
months and then continued partial breastfeeding for up to 
2 years of age or longer [47]. We previously showed that 
women with FH breastfed to a lesser extent than the general 
population, both in Norway and the Netherlands. The dura-
tion of breastfeeding was also shorter than in the general 
population in the respective countries, with a median 8.5 
and 3.6 months in women with FH in Norway and the Neth-
erlands, respectively [45•].

To our knowledge, there are no studies on the effects of 
breastfeeding in women with FH. Data from the general 
population have shown that breastfeeding has several ben-
efits both for the mother and child. For the child, breast 
milk prevents infections by providing antibodies for the 
child [48, 49]. For the mother, breastfeeding can promote 
postpartum weight loss, can improve lipid profile, and is 
important for mother-child bonding [48, 49]. There is also 
some evidence that breastfeeding can reduce the risk of 
type 2 diabetes and CVD [48].

Management of FH in Childbearing Age

Early initiation of treatment is of high importance in female 
FH patients to compensate for pregnancy-related off-treat-
ment periods later in life. Focusing on lowering LDL-C 
levels before, in between, and after childbearing age can 
compensate for the increase in the lifelong cholesterol bur-
den caused by off-treatment periods. This is currently not 
addressed in the European clinical guidelines on the man-
agement of dyslipidemias and CVD prevention [7]. In 2011, 
the American Heart Association presented women-specific 
guidelines for CVD prevention [50]. These guidelines take 
into account sex-specific risk factors for CVD (e.g., the hor-
monal changes during pregnancy and menopause) and were 
a milestone to ensure increased knowledge and proper treat-
ment for women. However, no new women-specific guide-
lines have been published since. It is also noteworthy that in 
these guidelines, specific recommendations for women with 
FH were not addressed.

Family Planning Periods: a Patient Perspective

In our pilot study in the Netherlands and Norway, we found 
that only a minority (13–29 %) of women with FH had an 
appointment with a physician specialized in FH during their 
first pregnancy [45•]. Additional follow-up by a FH spe-
cialist during pregnancy is usually not part of the standard 

� Aim to include both women and men with 
FH in all studies

� Report sex-specific data and/or analysis

� More research is needed on the impact of 
female-specific factors, e.g.:
• pregnancy
• menstrual cycle 
• menopause

on cardiovascular outcomes in women with FH

� Early ini�a�on of treatment especially in FH girls

� Invite for counselling on family planning

� Lowering cholesterol burden before, in-between, 
and a­er pregnancies to compensate for 
off-treatment periods

� Re-star�ng lipid-lowering treatment in between 
pregnancies

� Focus on lifestyle advice and healthy diet during 
discon�nua�on of lipid-lowering medica�on

Research

Considering sex differences in FH

Clinic

Fig. 1   Future directions for considering sex differences in FH in clinic and research. FH: familial hypercholesterolemia
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treatment; however, most women (86 %) indicated a need 
for more information regarding pregnancy and breastfeed-
ing related to having FH, and almost half (47 %) reported 
concerns related to medication use during pregnancy. It is 
unknown how men with FH experience family planning nor 
is it known how FH healthcare professionals provide infor-
mation regarding family planning to patients with FH.

In accordance with the new International Atherosclerosis 
Society (IAS) guidance for best practice of FH care, both 
female and male patients should receive counselling on fam-
ily planning early on and women with an active pregnancy 
wish should be referred to a dedicated FH center to make an 
individualized family planning plan [51••].

The majority of patients with HoFH have distress about 
having children, and women with HoFH have even more 
concerns compared to men due to the impact of treatment 
interruptions [52–54]. The 2023 EAS HoFH consensus 
statement addresses this issue and recommends individual-
ized care in all stages of family planning [6].

Future Directions

Future directions for considering sex differences in FH in 
clinic and research are summarized in Fig. 1.

In Clinic

In clinical practice, it is important that both female and male 
patients with FH are diagnosed earlier in life and at a similar 
age to initiate treatment as early as possible. Especially in 
girls and young women with FH, treatment should be further 
optimized in view of the higher LDL-C burden encountered 
already early in life.

Treatment of FH patients should take place in dedicated 
FH centers. Both women and men with FH of reproductive 
age should be counselled about family planning.

Clinical guidelines for treatment of FH should focus on 
the importance of lowering the LDL-C burden in female FH 
patients before, in between, and after pregnancies to com-
pensate for pregnancy-related off-treatment periods. Re-
starting lipid-lowering treatment in between pregnancies, 
even if only for a few months, can contribute to lowering 
the lifelong cholesterol burden. This should also be incor-
porated in guidelines for general physicians, who might be 
the primary healthcare contact for women during pregnancy 
periods.

In periods of discontinuation of lipid-lowering treat-
ment during pregnancy and breastfeeding, focus on lifestyle 
advice and a healthy diet for mother and child should be 
emphasized. Women should be advised of the importance 
of restarting lipid-lowering medication promptly after 
breastfeeding.

In Research

More research should be performed regarding patient out-
comes in FH, such as family planning, in both women and 
men. Future research should aim to include both sexes and 
an equal proportion of women and men in clinical trials and 
include populations from different geographic regions. In 
addition, sex-specific data and/or analysis should always be 
reported regardless of the outcome.

Furthermore, future research on the effect of female-
specific life stages, including menstrual cycle, pregnancy, 
breastfeeding, and menopause on lipid levels, is needed and 
should investigate whether these life stages impact the future 
risk of ASCVD in women with FH and HoFH.

Ultimately, sex-specific FH research may translate into 
sex-specific clinical guidelines to improve the care currently 
given.

Conclusions

Several studies show that FH impacts women through 
life differently than men in terms of women having 
higher untreated and treated LDL-C levels, less inten-
sive treatment, off-treatment periods due to family plan-
ning, and a possibly excessive ASCVD impact com-
pared to men. Earlier initiation and lifelong treatment, 
especially in young women with FH, are important to 
lower the lifelong cholesterol burden. Future research 
on the impact of female-specific life stages such as 
pregnancy, breastfeeding, menstrual cycle, and meno-
pause is needed. Future guidelines should include sex-
specific aspects.

Funding  Open access funding provided by University of Oslo (incl 
Oslo University Hospital) The authors are supported by grants from the 
South-Eastern Regional Health Authority, Oslo, Norway (MK, KBH), 
and the Throne-Holst Foundation for Nutrition Research, University of 
Oslo, Oslo, Norway, and the University of Oslo, Oslo, Norway (KBH). 
Dutch Heart Foundation (JRVL), The Netherlands Organization for 
Health Research and Development (JRVL), and Novartis (JRVL and 
JM).

Declarations 

Conflict of Interest  Dr. van Lennep reports research grants from Dutch 
Heart Foundation, The Netherlands Organisation for Health Research 
and Development, Novartis. She has received payment of honoraria 
for lectures and presentations by several non-pharmaceutical indus-
try companies. She serves as Executive Board member of European 
Atherosclerosis Society, Member of Scientific Advisory Board Dutch 
Heart Foundation. Dr. Holven has received grants and/or payment of 
honoraria for lectures and presentations from Mills, Amgen, and Sa-
nofi. The other authors declare that they have no conflict of interest.



	 Current Atherosclerosis Reports

1 3

Human and Animal Rights and Informed Consent  This article does 
not contain any studies with human or animal subjects performed by 
any of the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
•  Of importance  
••  Of major importance

	 1.	 Goldstein JL, Hobbs HH, Brown MS. Familial hypercholes-
terolemia. In: Valle DL, Antonarakis S, Ballabio A, Beaudet 
AL, Mitchell GA, editors. The Online Metabolic and Molecular 
Bases of Inherited Disease. New York, NY: McGraw-Hill Edu-
cation; 2019.

	 2.	 Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, 
Bruckert E, et al. Low-density lipoproteins cause atheroscle-
rotic cardiovascular disease. 1. Evidence from genetic, epide-
miologic, and clinical studies. A consensus statement from the 
European Atherosclerosis Society Consensus Panel. Eur Heart 
J. 2017;38(32):2459–72.

	 3.	 Ference BA, Graham I, Tokgozoglu L, Catapano AL. Impact of 
lipids on cardiovascular health: JACC Health Promotion Series. 
J Am Coll Cardiol. 2018;72(10):1141–56.

	 4.	 Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, 
Masana L, Descamps OS, et al. Familial hypercholesterolaemia 
is underdiagnosed and undertreated in the general population: 
guidance for clinicians to prevent coronary heart disease: con-
sensus statement of the European Atherosclerosis Society. Eur 
Heart J. 2013;34(45):3478–90a.

	 5.	 Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. 
Worldwide prevalence of familial hypercholesterolemia: 
meta-analyses of 11 million subjects. J Am College Cardiol. 
2020;75(20):2553–66.

	 6.	 Cuchel M, Bruckert E, Ginsberg HN, Raal FJ, Santos RD, 
Hegele RA, et al. Homozygous familial hypercholesterolaemia: 
new insights and guidance for clinicians to improve detection 
and clinical management. A position paper from the Consen-
sus Panel on Familial Hypercholesterolaemia of the European 
Atherosclerosis Society. Eur Heart J. 2014;35(32):2146–57.

	 7.	 Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, 
Badimon L, et al. 2019 ESC/EAS Guidelines for the manage-
ment of dyslipidaemias: lipid modification to reduce cardiovas-
cular risk: The Task Force for the management of dyslipidaemias 
of the European Society of Cardiology (ESC) and European Ath-
erosclerosis Society (EAS). Eur Heart J. 2020;41(1):111–88.

	 8.	 Holven KB, Narverud I, van Lennep JR, Versmissen J, Oyri 
LKL, Galema-Boers A, et al. Sex differences in cholesterol 

levels from birth to 19 years of age may lead to increased choles-
terol burden in females with FH. J Clin Lipidol. 2018;12(3):748–
55.e2.

	 9.•	 Schreuder MM, Hamkour S, Siegers KE, Holven KB, Johansen 
AK, van de Ree MA, et  al. LDL cholesterol targets rarely 
achieved in familial hypercholesterolemia patients: A sex 
and gender-specific analysis. Atherosclerosis. 2023;S0021-
9150(23):00139–9. https://​doi.​org/​10.​1016/j.​ather​oscle​rosis.​
2023.​03.​022. This paper reports attainment of LDL-C target 
and reasons for not reaching these in female and male FH 
patients.

	10.••	Vallejo-Vaz AJ, Stevens CAT, Lyons ARM, Dharmayat KI, 
Freiberger T, Hovingh GK, et al. Global perspective of familial 
hypercholesterolaemia: a cross-sectional study from the EAS 
Familial Hypercholesterolaemia Studies Collaboration (FHSC). 
Lancet. 2021;398(10312):1713–25. https://​doi.​org/​10.​1016/​
S0140-​6736(21)​01122-3. This paper reports analysis from 
the FHSC global registry on diagnosis and management of 
FH in 56 countries.

	11.	 Krogh HW, Mundal L, Holven KB, Retterstol K. Patients with 
familial hypercholesterolaemia are characterized by presence 
of cardiovascular disease at the time of death. Eur Heart J. 
2016;37(17):1398–405.

	12.	 Mundal L, Sarancic M, Ose L, Iversen PO, Borgan JK, Veierod 
MB, et al. Mortality among patients with familial hypercho-
lesterolemia: a registry-based study in Norway, 1992-2010. J 
Am Heart Assoc. 2014;3(6):e001236.

	13.	 Albrektsen G, Heuch I, Løchen M-L, Thelle DS, Wilsgaard 
T, Njølstad I, et al. Lifelong gender gap in risk of incident 
myocardial infarction: the Tromsø Study. JAMA Int Med. 
2016;176(11):1673–9.

	14.	 Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, 
Bittencourt MS, et al. Heart Disease and Stroke Statistics-2022 
Update: a report from the American Heart Association. Circu-
lation. 2022;145(8):e153–639.

	15.•	 Iyen B, Qureshi N, Weng S, Roderick P, Kai J, Capps N, et al. 
Sex differences in cardiovascular morbidity associated with 
familial hypercholesterolaemia: A retrospective cohort study 
of the UK Simon Broome register linked to national hospital 
records. Atherosclerosis. 2020;315:131–7. https://​doi.​org/​10.​
1016/j.​ather​oscle​rosis.​2020.​10.​895. This paper reports sex 
differences in CVD morbidity in FH using data from the 
UK Simon Broome register.

	16.	 Mundal LJ, Igland J, Veierod MB, Holven KB, Ose L, Selmer 
RM, et al. Impact of age on excess risk of coronary heart dis-
ease in patients with familial hypercholesterolaemia. Heart. 
2018;104(19):1600–7.

	17.	 Vuorio AF, Miettinen TA, Turtola H, Oksanen H, Gylling 
H. Cholesterol metabolism in normal and heterozygous 
familial hypercholesterolemic newborns. J Lab Clin Med. 
2002;140(1):35–42.

	18.	 Stitziel NO, Won HH, Morrison AC, Peloso GM, Do R, 
Lange LA, et  al. Inactivating mutations in NPC1L1 and 
protection from coronary heart disease. New Engl J Med. 
2014;371(22):2072–82.

	19.•	 Johansen AK, Bogsrud MP, Christensen JJ, Rundblad A, 
Narverud I, Ulven S, et al. Young women with familial hyper-
cholesterolemia have higher LDL-cholesterol burden than men: 
novel data using repeated measurements during 12-years follow-
up. Atheroscler Plus. 2023;51:28–34. This paper calculates 
LDL-C burden in women and men with FH using real-world 
data.

	20.	 Balla S, Ekpo EP, Wilemon KA, Knowles JW, Rodriguez F. 
Women living with familial hypercholesterolemia: challenges 
and considerations surrounding their care. Curr Atherosclerosis 
Rep. 2020;22(10):60.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.atherosclerosis.2023.03.022
https://doi.org/10.1016/j.atherosclerosis.2023.03.022
https://doi.org/10.1016/S0140-6736(21)01122-3
https://doi.org/10.1016/S0140-6736(21)01122-3
https://doi.org/10.1016/j.atherosclerosis.2020.10.895
https://doi.org/10.1016/j.atherosclerosis.2020.10.895


Current Atherosclerosis Reports	

1 3

	21.	 Agarwala A, Deych E, Jones LK, Sturm AC, Aspry K, Ahmad 
Z, et  al. Sex-related differences in premature cardiovascu-
lar disease in familial hypercholesterolemia. J Clin Lipidol. 
2023;17(1):150–6.

	22.	 Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ, 
Berglund L, et al. Lipoprotein(a) in atherosclerotic cardiovas-
cular disease and aortic stenosis: a European Atherosclerosis 
Society consensus statement. Eur Heart J. 2022;43(39):3925–46.

	23.	 Roeters van Lennep JE, Tokgözoğlu LS, Badimon L, Dumanski 
SM, Gulati M, Hess CN, et al. Women, lipids, and atheroscle-
rotic cardiovascular disease: a call to action from the European 
Atherosclerosis Society. Eur Heart J. 2023:ehad472. https://​doi.​
org/​10.​1093/​eurhe​artj/​ehad4​72.

	24.	 Nenseter MS, Lindvig HW, Ueland T, Langslet G, Ose L, Holven 
KB, et al. Lipoprotein(a) levels in coronary heart disease-suscep-
tible and -resistant patients with familial hypercholesterolemia. 
Atherosclerosis. 2011;216(2):426–32.

	25.	 Mumford SL, Schisterman EF, Siega-Riz AM, Browne RW, 
Gaskins AJ, Trevisan M, et al. A longitudinal study of serum 
lipoproteins in relation to endogenous reproductive hormones 
during the menstrual cycle: findings from the BioCycle study. J 
Clin Endocrinol Metab. 2010;95(9):E80–5.

	26.	 Matthews KA, Crawford SL, Chae CU, Everson-Rose SA, 
Sowers MF, Sternfeld B, et al. Are changes in cardiovascular 
disease risk factors in midlife women due to chronological 
aging or to the menopausal transition? J Am College Cardiol. 
2009;54(25):2366–73.

	27.	 Moorjani S, Roy M, Torres A, Bétard C, Gagné C, Lambert M, 
et al. Mutations of low-density-lipoprotein-receptor gene, vari-
ation in plasma cholesterol, and expression of coronary heart 
disease in homozygous familial hypercholesterolaemia. Lancet. 
1993;341(8856):1303–6.

	28.	 Mulder JWCM, Tromp TR, Al-Khnifsawi M, Bertolini S, Blom 
D, Chlebus K, et al. Diagnosis, treatment and cardiovascular 
outcomes in homozygous familial hypercholesterolemia: a sex-
specific analysis EAS congress website2023 [Available from: 
https://​cslide.​ctime​eting​tech.​com/​eas23/​atten​dee/​person/​555.

	29.	 Amrock SM, Duell PB, Knickelbine T, Martin SS, O'Brien 
EC, Watson KE, et al. Health disparities among adult patients 
with a phenotypic diagnosis of familial hypercholesterolemia 
in the CASCADE-FH™ patient registry. Atherosclerosis. 
2017;267:19–26.

	30.	 Ryzhaya N, Cermakova L, Trinder M, Ruel I, Coutinho T, Gen-
est J, et al. Sex differences in the presentation, treatment, and 
outcome of patients with familial hypercholesterolemia. J Am 
Heart Assoc. 2021;10(11):e019286. https://​doi.​org/​10.​1161/​
JAHA.​120.​019286.

	31.	 Jiménez A, Viñals C, Marco-Benedí V, González P, Domenech 
M, Suárez-Tembra M, et al. Sex disparities in familial hypercho-
lesterolemia. J Am Heart Assoc. 2023;81(2):203–5.

	32.	 Zamora A, Masana L, Comas-Cufí M, Vila À, Plana N, 
García-Gil M, et  al. Familial hypercholesterolemia in a 
European Mediterranean population-Prevalence and clinical 
data from 2.5 million primary care patients. J Clin Lipidol. 
2017;11(4):1013–22.

	33.	 Fulcher J, O'Connell R, Voysey M, Emberson J, Blackwell 
L, Mihaylova B, et al. Efficacy and safety of LDL-lowering 
therapy among men and women: meta-analysis of individual 
data from 174,000 participants in 27 randomised trials. Lancet. 
2015;385(9976):1397–405.

	34.	 Paquette M, Faubert S, Saint-Pierre N, Baass A, Bernard S. 
Sex differences in LDL-C response to PCSK9 inhibitors: A real 
world experience. J Clin Lipidol. 2023;17(1):142–9. https://​doi.​
org/​10.​1016/j.​jacl.​2022.​12.​002.

	35.	 Galema-Boers AMH, Mulder JWCM, Steward K, Roeters van 
Lennep JE. Sex differences in efficacy and safety of PCSK9 

monoclonal antibodies: A real-world registry. Atherosclerosis. 
2023;S0021-9150(23):00115–6. https://​doi.​org/​10.​1016/j.​ather​
oscle​rosis.​2023.​03.​013.

	36.	 Jia F, Fei SF, Tong DB, Xue C, Li JJ. Sex difference in circu-
lating PCSK9 and its clinical implications. Front Pharmacol. 
2022;13:953845.

	37.	 Ferri N, Ruscica M, Coggi D, Bonomi A, Amato M, Frigerio B, 
et al. Sex-specific predictors of PCSK9 levels in a European pop-
ulation: the IMPROVE study. Atherosclerosis. 2020;309:39–46.

	38.	 Langslet G, Johansen AK, Bogsrud MP, Narverud I, Risstad H, 
Retterstøl K, et al. Thirty percent of children and young adults 
with familial hypercholesterolemia treated with statins have 
adherence issues. Am J Prev Cardiol. 2021;6:100180.

	39.	 Braamskamp MJ, Kusters DM, Avis HJ, Smets EM, Wijburg FA, 
Kastelein JJ, et al. Long-term statin treatment in children with 
familial hypercholesterolemia: more insight into tolerability and 
adherence. Paediatr Drugs. 2015;17(2):159–66.

	40.	 Galema-Boers JM, Lenzen MJ, van Domburg RT, Roeters van 
Lennep J, van Bruchem-van de Scheur GG, Sijbrands EJ, et al. 
Predicting non-adherence in patients with familial hypercholes-
terolemia. Eur J Clin Pharmacol. 2014;70(4):391–7.

	41.	 Ahmad Z, Li X, Wosik J, Mani P, Petr J, McLeod G, et al. Pre-
mature coronary heart disease and autosomal dominant hyper-
cholesterolemia: increased risk in women with LDLR mutations. 
J Clin Lipidol. 2016;10(1):101–8.e1-3.

	42.	 Galema-Boers AM, Lenzen MJ, Engelkes SR, Sijbrands EJ, 
Roeters van Lennep JE. Cardiovascular risk in patients with 
familial hypercholesterolemia using optimal lipid-lowering 
therapy. J Clin Lipidol. 2018;12(2):409–16.

	43.	 Allard MD, Saeedi R, Yousefi M, Frohlich J. Risk stratification 
of patients with familial hypercholesterolemia in a multi-ethnic 
cohort. Lipids Health Dis. 2014;13:65.

	44.	 Amundsen AL, Khoury J, Iversen PO, Bergei C, Ose L, Tonstad 
S, et al. Marked changes in plasma lipids and lipoproteins dur-
ing pregnancy in women with familial hypercholesterolemia. 
Atherosclerosis. 2006;189(2):451–7.

	45.•	 Klevmoen M, Bogsrud MP, Retterstøl K, Svilaas T, Vesterbek-
kmo EK, Hovland A, et al. Loss of statin treatment years during 
pregnancy and breastfeeding periods in women with familial 
hypercholesterolemia. Atherosclerosis. 2021;335:8–15. This 
paper reports duration of pregnancy-related off-statin peri-
ods and breastfeeding in women with FH.

	46.	 Nangrahary M, Graham DF, Pang J, Barnett W, Watts GF. Famil-
ial hypercholesterolaemia in pregnancy: Australian case series 
and review. Aust N Z J Obstet Gynaecol. 2023;63(3):402–8.

	47.	 World Health Organization. Breastfeeding. 2023; [cited 2023 
26.05]. Available from: https://​www.​who.​int/​health-​topics/​breas​
tfeed​ing

	48.	 Dieterich CM, Felice JP, O'Sullivan E, Rasmussen KM. Breast-
feeding and health outcomes for the mother-infant dyad. Pediatr 
Clin North Am. 2013;60(1):31–48.

	49.	 Gunderson EP, Lewis CE, Wei GS, Whitmer RA, Quesenberry 
CP, Sidney S. Lactation and changes in maternal metabolic risk 
factors. Obstet Gynecol. 2007;109(3):729–38.

	50.	 Stranges S, Guallar E. Cardiovascular disease prevention in 
women: a rapidly evolving scenario. Nutr Metabol Cardiovasc 
Dis : NMCD. 2012;22(12):1013–8.

	51.••	Watts GF, Gidding SS, Hegele RA, Raal FJ, Sturm AC, Jones 
LK, et al. International Atherosclerosis Society guidance for 
implementing best practice in the care of familial hypercho-
lesterolaemia. Nat Rev Cardiol. 2023. https://​doi.​org/​10.​1038/​
s41569-​023-​00892-0. The IAS guidance provides strategies 
for implementing best practice in FH care.

	52.	 Mulder J, Kranenburg LW, Treling WJ, Hovingh GK, Rutten 
JHW, Busschbach JJ, et al. Quality of life and coping in Dutch 

https://doi.org/10.1093/eurheartj/ehad472
https://doi.org/10.1093/eurheartj/ehad472
https://cslide.ctimeetingtech.com/eas23/attendee/person/555
https://doi.org/10.1161/JAHA.120.019286
https://doi.org/10.1161/JAHA.120.019286
https://doi.org/10.1016/j.jacl.2022.12.002
https://doi.org/10.1016/j.jacl.2022.12.002
https://doi.org/10.1016/j.atherosclerosis.2023.03.013
https://doi.org/10.1016/j.atherosclerosis.2023.03.013
https://www.who.int/health-topics/breastfeeding
https://www.who.int/health-topics/breastfeeding
https://doi.org/10.1038/s41569-023-00892-0
https://doi.org/10.1038/s41569-023-00892-0


	 Current Atherosclerosis Reports

1 3

homozygous familial hypercholesterolemia patients: a qualita-
tive study. Atherosclerosis. 2022;348:75–81.

	53.	 Bruckert E, Saheb S, Bonté JR, Coudray-Omnès C. Daily life, 
experience and needs of persons suffering from homozygous 
familial hypercholesterolaemia: insights from a patient survey. 
Atherosclerosis Suppl. 2014;15(2):46–51.

	54.	 Kayikcioglu M, Kuman-Tunçel O, Pirildar S, Yílmaz M, Kaynar L, 
Aktan M, et al. Clinical management, psychosocial characteristics, 

and quality of life in patients with homozygous familial hypercholes-
terolemia undergoing LDL-apheresis in Turkey: results of a nation-
wide survey (A-HIT1 registry). J Clin Lipidol. 2019;13(3):455–67.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Sex Differences in Familial Hypercholesterolemia
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Lipids During Life Course
	Treatment
	Cardiovascular Outcomes
	Family Planning and Pregnancy
	Loss of Treatment Periods in Childbearing Age
	Breastfeeding
	Management of FH in Childbearing Age
	Family Planning Periods: a Patient Perspective

	Future Directions
	In Clinic
	In Research

	Conclusions
	References


